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Pelvis	 SACR	 Median	sacral	crest	of	the	sacrum	R/LASI	 Right/Left	anterior	superior	iliac	spine	
Thorax/	Trunk	 R/LCLA	 Right/Left	clavicle	one	to	two	inches	from	sternal	notch	C7	 Spinous	process	of	the	C7	vertebrae	of	cervical	spine	
Shoulders	 R/LSAA	 Most	lateral	aspect	of	right/left	scapular	spine	R/LSAC	 Acromioclavicular	joint	of	right/left	shoulder	R/LSPC	 Coracoid	process	of	right/left	shoulder	
Elbows	 R/LELB	 Lateral	epicondyle	of	right/left	humerus	R/LEMP	 Medial	epicondyle	of	right/left	humerus	
Wrists	 R/LWRA	 Styloid	process	of	right/left	radius	R/LWRB	 Styloid	process	of	right/left	ulna	Hands	 R/LFIN	 Between	2nd	and	3rd	metacarpal	heads	of	right/left	hand	Thighs	(Wands)	 R/LTHI	 Mid	right/left	thigh,	projecting	laterally	from	body	
Knees	 R/LKNE	 Lateral	condyle	of	right/left	femur	R/LMKN	 Medial	condyle	of	right/left	femur	Shanks	(Wands)	 R/LTIB	 Mid	right/left	shank,	projecting	laterally	from	body	
Ankles	 R/LANK	 Lateral	malleolus	of	right/left	fibula	R/LMAK	 Medial	malleolus	of	right/left	tibia	Feet	 R/LTOE	 Between	2nd	and	3rd	metatarsal	heads	of	right/left	foot	(or	shoe)	




Club	Shaft	(2	markers)	 CTOP	 Placed	just	below	the	grip	of	the	club,	where	the	exposed	club	shaft	begins	CMID	 Placed	along	the	club	shaft	halfway	between	CTOP	and	CBOT	
Clubhead	(3	markers)	
























	Figure	11:	CODA	Pelvis	and	coordinate	system	in	Visual3D	In	Figure	11,	the	black	circles	represent	physical	markers	that	are	placed	on	the	pelvis	(note:	the	sacrum	marker,	SACR,	is	hidden),	while	purple	circles	represent	virtual	landmarks	created	in	Visual3D.	Two	pelvis	coordinate	systems	were	created:	the	CODA	Pelvis	coordinate	system	and	the	Visual3D	Pelvis	coordinate	system.	The	origin	of	the	coordinate	system	of	the	CODA	pelvis	was	located	at	the	midpoint	between	the	RASI	and	LASI	markers.	The	y-axis	of	the	pelvis	was	defined	from	the	origin	towards	the	RASI	marker.	The	x-axis	of	the	pelvis	was	defined	from	the	sacrum	through	the	origin	of	the	coordinate	system.	The	z-axis	of	the	pelvis	was	defined	as	the	cross	product	of	the	y	and	x-axes.	Right	and	left	hip	joint	centers	were	generated	using	the	following	equations:	RIGHT_HIP_JOINT_CENTER:		 𝑋!"#$%$"& = −0.19 ∗ 𝐴𝑆𝐼𝑆_𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑅𝑃𝑉_𝐴𝑃_𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛																																										Eq.	12	𝑌!"#$%$"& =  0.36 ∗ 𝐴𝑆𝐼𝑆_𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑅𝑃𝑉_𝑀𝐿_𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛	 																																										Eq.	13	𝑍!"#$%$!" =  −0.30 ∗ 𝐴𝑆𝐼𝑆_𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑅𝑃𝑉_𝐴𝑥𝑖𝑎𝑙_𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛																																				Eq.	14	
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	 LEFT_HIP_JOINT_CENTER:		 𝑋!"#$%$"& =  −0.19 ∗ 𝐴𝑆𝐼𝑆_𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑅𝑃𝑉_𝐴𝑃_𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛																																									Eq.	15	𝑌!"#$%$"& =  −0.36 ∗ 𝐴𝑆𝐼𝑆_𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑅𝑃𝑉_𝑀𝐿_𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛																																									Eq.	16	𝑍!"#$%$"& =  −0.30 ∗ 𝐴𝑆𝐼𝑆_𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑅𝑃𝑉_𝐴𝑥𝑖𝑎𝑙_𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛																																				Eq.	17	Where	ASIS_Distance	is	the	distance	from	the	right	ASIS	to	the	left	ASIS	and	

































Range	of	Motion	 Euler	Rotation	Sequence	Trunk	Rotation,	Pelvic	Rotation,	and	X-Factor	 ZYX	Trunk	Flexion	 YXZ	Lead/Trail	Shoulder	AB/ADduction	 XYZ	Lead/Trail	Shoulder	Flexion	 YXZ	Lead/Trail	Elbow	Flexion	 YXZ	Lead/Trail	Knee	Flexion	 YXZ		The	golf	swing	was	divided	into	four	major	event	times:	Address,	Peak	Backswing,	Impact,	and	Follow	Through.	There	were	three	additional	minor	events	defined	in	Visual3D—Mid	Backswing,	Mid	Downswing,	and	Mid	Follow	Through;	however,	these	minor	event	times	were	used	for	reference	only	and	no	data	was	exported	for	analysis	from	these.		The	definitions	of	the	four	major	events	can	be	found	in	Table	5.	
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Table	5:	Definitions	of	Event	Times	in	Visual3D	



































Address	 Trunk	Rotation,	Pelvic	Rotation,	X-factor	 None	Peak	Backswing	 Trunk	Rotation,	Pelvic	Rotation,	X-factor	 Lead	Shoulder	AB/ADduction,	Trail	Shoulder	AB/ADduction,	Lead	Elbow	Flexion,	Trail	Elbow	Flexion,	Lead	Knee	Flexion,	Trail	Knee	Flexion	Impact	 Trunk	Rotation,	Pelvic	Rotation,	X-factor	 Lead	Shoulder	AB/ADduction,	Trail	Shoulder	AB/ADduction,	Lead	Elbow	Flexion,	Trail	Elbow	Flexion,	Lead	Knee	Flexion,	Trail	Knee	Flexion	Follow	Through	 Trunk	Rotation,	Pelvic	Rotation,	X-factor	 None		The	average	values	for	the	variables	of	interest	at	each	swing	phase	are	provided	in	Table	8	in	section	4.5.	
4.5	Kinematics	of	The	Golf	Swing		 One	of	the	primary	objectives	of	this	work	was	to	describe	the	golf	swing	from	a	biomechanical	perspective.	The	model	created	allowed	for	a	detailed	kinematic	description	of	the	golf	swing	from	Address	to	Follow	Through.	The	following	description	of	the	golf	swing	represents	mean	values	of	the	data	collected	from	the	10	subjects	in	this	study.		 The	swing	started	in	the	Address	(ADD)	position.	The	trunk	was	rotated	6	±	3°	towards	the	fairway	and	was	flexed	at	37	±	4°	(note	that	positive	rotation	angles	were	
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Trunk	 Rotation	 6	±	3	 -87	±	14	 18	±	8	 144	±	15	Flexion	 37	±	4	 33		±	3	 30	±	6	 26	±	11	Pelvis	 Rotation	 2	±	4	 -41	±	13	 48	±	12	 111	±	15	Spine	 Rotation	(X-Factor)	 5	±	5	 -43	±	5	 -28	±	7	 33	±	10	
Lead	Shoulder	 Flexion	 29	±	4	 78	±	12	 32	±	6	 27	±	37	AB(-)/AD(+)duction	 10	±	4	 76	±	14	 15	±	9	 -56	±	22	















Impact	(°)	p-value	 Beta	 p-value	 Beta	 p-value	 Beta	Trunk	rotation	ADD	 0.0497	 -1.9	 0.3143	 0.3	 0.0209	 0.5	Trunk	rotation	PB	 0.3178	 -0.8	 0.5979	 -0.1	 0.2959	 0.1	Trunk	rotation	IMP	 0.9909	 0.0	 0.4899	 -0.1	 0.2611	 0.1	Trunk	rotation	FT	 0.7923	 0.1	 0.9459	 -0.0	 0.746	 0.0	X-Factor	ADD	 0.072	 -1.3	 0.3665	 0.2	 0.084	 0.3	X-Factor	PB	 0.2094	 -1.9	 0.0028	 -1.1	 0.7052	 -0.1	X-Factor	IMP	 0.1078	 -1.6	 0.0013	 -0.8	 0.645	 -0.1	X-Factor	FT	 0.8171	 0.1	 0.746	 -0.0	 0.5447	 0.0	Pelvic	rotation	ADD	 0.5405	 0.7	 0.7923	 -0.1	 0.8423	 -0.0	Pelvic	rotation	PB	 0.6902	 -0.3	 0.7074	 0.1	 0.1966	 0.1	Pelvic	rotation	IMP	 0.4671	 0.4	 0.2359	 0.2	 0.2164	 0.1	Pelvic	rotation	FT	 0.908	 0.1	 0.7878	 0.0	 0.9329	 -0.0			 Trunk	Rotation	at	Address	was	found	to	have	a	significant	effect	on	both	Ball	Carry	and	Clubhead	Progression	at	Impact,	p	=	0.0497	and	p	=	0.0209,	respectively.	Additionally,	the	Beta	value	for	the	effect	of	Trunk	Rotation	at	Address	on	Ball	Carry	was	found	to	be	substantial,	β	=	-1.9.	X-Factor	at	Peak	Backswing	had	a	significant	effect	on	Clubhead	Speed	at	Impact,	p	=	0.0028,	but	did	not	have	a	significant	effect	on	Ball	Carry,	p	=	0.2094.	X-
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Factor	at	Impact	was	also	found	to	have	a	significant	effect	on	Clubhead	Speed	at	Impact,	p	=	0.0013.	Pelvic	Rotation	was	not	found	to	have	a	significant	effect	on	any	of	the	performance	outcomes	at	any	swing	phase.	











































Myers	et	al.	Trunk	Rotation	at	Address	(°)	 6	±	3	 12	±	6	 N/A	Trunk	Rotation	at	Peak	Backswing	(°)	 -87	±	14	 -100	±	8	 -97	±	20.2	Trunk	Rotation	at	Impact	(°)	 18	±	8	 19	±	10	 22.8	±	16.1	Pelvic	Rotation	at	Address	(°)	 2	±	4	 4	±	5	 N/A	Pelvic	Rotation	at	Peak	Backswing	(°)	 -41	±	13	 -42	±	7	 -47.5	±	17.4	Pelvic	Rotation	at	Impact	(°)	 48	±	12	 42	±	12	 35.3	±	17.3	X-Factor	at	Address	(°)	 5	±	5	 8	±	5	 N/A	X-Factor	at	Peak	Backswing	(°)	 -43	±	5	 -59	±	7	 -49.5	±	9.6	X-Factor	at	Impact	(°)	 -28	±	7	 -23	±	11	 N/A	Lead	Elbow	Flexion	at	Peak	Backswing	(°)	 53	±	17	 56	±	8	 N/A	Lead	Elbow	Flexion	at	Impact	(°)	 34	±	8	 32	±	6	 N/A	Trail	Elbow	Flexion	at	Peak	Backswing	(°)	 127	±	13	 129	±	8	 N/A	Trail	Elbow	Flexion	at	Impact	(°)	 55	±	9	 59	±	11	 N/A	Lead	Shoulder	AB/ADduction	at	Peak	Backswing	(°)	 76	±	4	 92	±	5	 N/A	Lead	Shoulder	AB/ADduction	at	Impact	(°)	 15	±	9	 35	±	6	 N/A	Trail	Shoulder	AB/ADduction	at	Peak	Backswing	(°)	 36	±	18	 45	±	11	 N/A	Trail	Shoulder	AB/ADduction	at	Impact	(°)	 6	±	7	 24	±	5	 N/A	Maximum	Clubhead	Speed	(mph)	 104.0	±	9.9	 76	±	4	 N/A		 Each	of	these	studies	used	a	unique	model	to	calculate	joint	angles.	The	marker	sets,	camera	systems,	and	post-processing	of	the	data	varied	from	study	to	study.	Additionally,	
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the	scope	of	each	study	was	vastly	different.	The	study	by	Myers	et	al.	used	an	8-camera,	10	marker	system	to	look	at	X-Factor	in	100	skilled	golfers	[13].	The	study	by	Zheng	et	al.	used	a	6-camera,	25	marker	system	to	look	at	gender	group	differences	in	50	professional	golfers	[14].	The	current	work	used	a	12-camera,	47	marker	system	to	study	kinematics	and	performance	using	10	recreational	golfers.	Despite	these	differences,	kinematic	results	across	all	three	studies	compared	well,	including	Trunk	Rotation,	Pelvic	Rotation,	X-Factor,	and	Trail	Elbow	Flexion.	While	Trunk	Rotation	at	Address	and	Impact	compared	well,	Trunk	Rotation	at	Peak	Backswing	was	notably	reduced	in	the	current	work.	The	increased	skill	level	of	the	players	analyzed	in	the	previous	studies	may	explain	this,	as	the	current	work	did	not	require	a	high	skill	level	for	participation.	The	largest	discrepancies	in	the	data	involved	the	shoulder	kinematics.	The	shoulder	is	one	of	the	most	difficult	joints	to	model	because	of	its	dynamic	range	of	motion	and	complex	anatomy.	In	the	current	work,	shoulder	movements	were	defined	as	flexion	and	extension	in	the	sagittal	plane,	abduction	and	adduction	in	the	coronal	plane,	and	internal	and	external	rotation	along	the	long	axis	of	the	humerus.	In	the	work	by	Zheng	et	al.,	shoulder	movements	were	defined	by	horizontal	adduction,	external	rotation,	and	an	arm-to-trunk	angle	[14].	Data	based	on	the	arm-to-trunk	angle	was	used	for	comparison,	as	it	was	most	similar	to	the	measurement	of	shoulder	abduction	defined	in	this	work.	The	shoulder	angles	were	markedly	decreased	in	the	current	work.	This	difference	may	be	explained	by	discrepancies	in	the	definition	of	shoulder	movement.	Skill	level	may	also	play	a	role,	as	the	results	of	the	current	work	have	already	shown	that	increased	lead	shoulder	adduction	at	Peak	Backswing	and	Impact	are	positively	associated	
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with	Ball	Cary.	Thus,	it	possible	that	the	increased	range	of	motion	of	the	shoulder	seen	in	the	work	by	Zheng	et	al.	is	the	result	of	increased	skill	level	of	the	subject	population.		The	last	entry	in	Table	11	is	a	performance	outcome—maximum	clubhead	speed.	The	results	of	Zheng	et	al.	showed	much	lower	maximum	clubhead	speeds	than	the	results	of	the	current	work.	This	is	surprising	because	the	caliber	of	golfer	analyzed	by	Zheng	et	al.	was	higher	than	the	caliber	of	golfer	analyzed	in	the	current	work,	yet	the	maximum	clubhead	speeds	were	much	lower.	In	addition,	the	PGA	has	reported	an	average	clubhead	speed	of	greater	than	112mph	for	all	PGA	Tour	players	each	year	for	the	past	decade	[29].	Clubhead	Speed	at	Impact—which	was	the	maximum	clubhead	speed	by	definition	in	this	work—from	the	current	data	(104.0	±	9.9mph)	makes	more	sense	in	the	context	of	the	PGA	reported	clubhead	velocities,	as	the	subjects	included	in	the	current	work	are	not	PGA	caliber	golfers.	It	is	possible	that	the	markedly	reduced	clubhead	velocities	reported	by	Zheng	et	al.	may	be	the	result	of	restrictive	laboratory	conditions	(players	swung	into	a	hanging	net).	If	so,	this	is	a	good	example	of	the	laboratory	environment	negatively	affecting	swing	mechanics	and	performance,	highlighting	the	need	make	the	laboratory	space	as	realistic	as	possible	for	subjects.		
5.6	Strengths	and	Limitations		 The	laboratory	setup	for	this	work	allowed	for	high	quality	data	capture	in	a	realistic	setting.	The	golf	simulator	served	two	purposes.	First,	it	captured	the	data	required	for	the	performance	outcomes.	Second,	it	provided	a	natural	golf	setting	in	an	indoor	lab	space.	This	is	important	in	acclimating	the	subject	to	the	lab	space	and	helps	to	promote	a	natural	golf	swing	in	an	unnatural	environment.	Additionally,	repeated	measures	were	taken	for	each	subject,	and	up	to	five	trials	were	analyzed	per	subject.	
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	 Sample	size	remains	one	of	the	largest	limitations	of	this	study.	Only	10	subjects	were	analyzed,	and	some	subjects	were	underrepresented	in	the	data	due	to	marker	occlusion;	however,	the	statistical	model	used	in	this	work	accounted	for	this	and	adjusted	to	ensure	the	most	accurate	result	was	obtained.	The	lack	of	significance	in	some	variables,	particularly	those	close	to	the	significance	threshold	of	0.05,	may	be	explained	by	the	small	sample	size	in	this	work.	Future	work	will	incorporate	the	data	of	additional	golfers	to	determine	the	significance	of	these	variables.		 A	second	limitation	of	this	work	was	the	reliance	on	retroreflective	markers	placed	on	bony	landmarks.	Placement	of	these	markers	was	crucial	for	accurate	data	collection,	and	the	placement	should	ideally	be	the	same	from	subject	to	subject.	Yet,	proper	placement	of	the	markers	cannot	always	be	achieved	for	a	variety	of	reasons	already	discussed.	Human	error	can	also	lead	to	misplaced	markers	and	reduced	data	accuracy.	In	this	work,	obstructions	from	clothing	and	adipose	tissue,	in	some	cases,	necessitated	the	adjustment	of	the	marker	placement	so	that	the	markers	could	be	seen	and	the	subject	remained	comfortable.	Situations	where	markers	continually	fell	off	during	the	swing	were	also	an	issue.	After	taking	several	practice	swings	on	the	simulator,	it	was	not	uncommon	for	sweat	to	begin	to	accumulate	on	the	skin	of	the	subject.	This	caused	markers	to	fall	off	more	easily,	requiring	more	replacements	and	reducing	the	accuracy	of	the	data.		
5.7	Future	Work		 Increasing	the	number	of	subjects	analyzed	may	confirm	the	significance	of	those	variables	of	interest	falling	just	short	of	the	significance	threshold.	To	that	end,	despite	several	significant	(and	insignificant)	findings,	the	hypotheses	presented	in	the	beginning	of	this	work	should	continue	to	be	investigated.	Additional	subjects	should	be	analyzed	to	
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affirm	the	associations	between	the	variables	of	interest	and	performance	outcomes	defined	in	this	work.		A	full	body	marker	set	was	used	in	this	work	to	capture	all	movement	during	the	golf	swing.	Only	a	fraction	of	the	variables	generated	were	examined	in	this	work,	with	emphasis	on	the	rotational	components	of	the	swing.	Data	for	numerous	additional	variables,	including	hip	flexion,	hip	abduction	and	adduction,	hip	rotation,	foot	rotation,	foot	attitude,	head	rotation,	wrist	flexion	and	extension,	and	wrist	radial	and	ulnar	deviation	has	also	been	generated.	Performance	outcomes	such	as	ball	speed	and	launch	angle,	which	were	generated	by	the	simulator,	may	also	prove	useful	in	analyzing	swing	mechanics.	The	significance	of	these	additional	variables	will	be	examined	through	further	data	analysis.		 The	data	analysis	need	not	stop	at	joint	angles.	Analysis	of	velocity	and	acceleration	throughout	the	swing	is	also	an	important	avenue	of	golf	research.	The	summation	of	speeds	principle	states	that	faster	movement	of	more	distal	segments	should	follow	slower	movement	of	more	proximal	segments.	This	principle	can	be	verified	with	the	current	data.	Joint	angle	accelerations	can	be	calculated	in	Visual3D	and	plotted	over	the	swing	cycle.	In	this	way,	the	sequence	of	acceleration	of	body	segments	throughout	the	swing	can	be	analyzed.	Additionally,	maximum	angular	velocities	of	segments	can	be	used	as	variables	of	interest	or	potential	performance	indicators.			 Only	10	subjects	were	used	in	this	work,	none	of	which	were	female.	Going	forward,	it	will	be	useful	to	analyze	a	set	of	female	golfers	in	order	to	compare	the	kinematics	of	males	and	females.	The	work	of	Zheng	et	al.	has	addressed	this	need	to	an	extent.	However,	due	to	advances	in	biomechanical	modeling	and	motion	capture	technology,	it	will	be	
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interesting	to	compare	current	results	to	previous	results.	In	addition,	the	model	designed	for	this	work	is	capable	of	handling	right-handed	players	and	left-handed	players.	By	chance,	no	left-handed	players	were	included	in	this	study.	Most	golf	studies	focus	exclusively	on	right-handed	players	because	the	vast	majority	of	golfers	are	right-handed.	Examining	the	differences,	if	any,	between	the	kinematics	of	right-handed	and	left-handed	players	is	an	avenue	for	future	research.		 Lastly,	the	most	golf	analysis	studies,	including	this	one,	focus	on	one	club	–	the	driver.	This	makes	sense	because	the	driver	is	the	largest	club,	hits	the	ball	the	furthest,	and	is	the	most	difficult	club	to	hit	accurately	for	many	golfers.	However,	golfers	don’t	swing	the	driver	72	times	per	round;	rather,	they	rotate	through	fairway	woods,	hybrid	clubs,	irons,	wedges,	and,	of	course,	the	putter.	How,	and	if,	swing	mechanics	change	when	club	selection	changes	is	a	largely	unexplored	avenue	of	golf	research;	future	work	will	address	this	gap.		
Part	6	–	Conclusion	
	 A	biomechanical	model	was	created,	validated,	and	used	to	describe	the	golf	swing.	The	validation	of	the	model	was	performed	on	three	fronts:	a	rigid	mathematical	validation,	a	comparison	to	previous	models,	and	careful	visual	inspection	of	the	data.	Kinematic	data	was	collected	using	optoelectronic	motion	capture	and	processed	using	Visual3D	software,	which	generated	the	variables	of	interest	examined	in	this	work.	A	kinematic	description	of	the	golf	swing	was	expressed	through	the	variables	of	interest	at	four	time	points:	Address,	Peak	Backswing,	Impact,	and	Follow	Through.	Additionally,	all	variables	of	interest	were	plotted	over	the	swing	cycle	to	generate	normal	bands	of	kinematic	swing	data	(Appendix	A).	This	provides	visual	representation	of	the	biomechanical	description	completed	in	this	
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study.	Rotational	and	non-rotational	variables	of	interest	generated	by	the	model	were	studied.	Several	rotational	variables	including	Trunk	Rotation	at	Address,	X-Factor	at	Peak	Backswing,	and	X-Factor	at	Impact,	were	found	to	be	significantly	associated	with	the	performance	outcomes.	Additionally,	several	non-rotation	variables	of	interest	were	found	to	be	significantly	associated	with	the	performance	outcomes,	including	Lead	Shoulder	Adduction	at	Peak	Backswing	and	Impact	as	well	as	Trail	Shoulder	Flexion	at	Impact.			 This	work	presents	the	foundation	for	continued	analysis	of	the	golf	swing.	Future	efforts	will	build	upon	the	current	model	in	order	to	expand	its	capabilities,	ultimately	improving	understanding	of	the	golf	swing	motion.	Potential	avenues	include	studying	the	swing	in	both	male	and	female	golfers,	analyzing	velocity	and	acceleration	data	throughout	the	swing	cycle,	and	using	motion	capture	to	study	irons	and	wedges	in	addition	to	the	driver.	Ultimately,	the	goal	of	research	is	to	effect	change	in	a	real	world	setting.	The	long-term	goals	of	this	project	are	to	improve	performance	and	prevent	injury	in	an	effort	to	keep	golfers	playing	their	best	for	as	long	as	possible.																	
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Appendix	A	
This	appendix	contains	the	normal	bands	of	data	generated	from	the	Visual3D	pipeline.	Each	range	of	motion	studied	in	this	work	is	plotted	from	Address	to	Follow	Through.	The	kinematic	data	is	normalized	and	plotted	against	%	Swing	Cycle.	The	thick	black	line	represents	the	mean	for	all	10	subjects	and	the	gray	band	represents	the	standard	deviation.	The	first	red	line	represents	Peak	Backswing	and	the	second	red	line	represents	Impact.	In	the	final	two	plots	(Clubface	Angle	of	Attack	and	Clubhead	Progression),	the	single	red	line	represents	Impact.	
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